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ABSTRACT 


NThe  lift  coefficient  and  center  of  pressure  of  swept  finite  wings 
are  calculated.  The  product,  Aft  ,  the  aspect  ratio  times  the  Mach 
pn’umeter  (fim  Im^/)***  the  ratio,  ,  the  tangent  of  the  sweep 

angle  divided  by  the  Mach  parameter,  are  the  determining  variables  of 
the  problem.  Center  of  pressure  and  lift  coefficient  have  been  plotted 

k/  ^ 

against  /0  for  various  values  of  np • 
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SYMBOLS 

From  Snow'e  paper 

x  =  spanwise  axis 
y  =  vertical  axis 
e  =  axis  in  direction  of  flow 
S  =  angle  leading  edge  makes  with  x  axis 
ju,  -  Mach  angle 
COgp  =  tan  f  /  tan/t 
4  =  angle  of  attach 
CL^  =  4  *  tan/u 

ui  ~  perturbation  velocity 

From  Puckett's  paper 

y  =  spanwise  axis 
e  -  vertical  axis 
x  =  axis  in  flow  direction 
<T  =  angle  leading  edge  makes  with  y  axis 
=  Mach  angle 

p  =  in<~/ 

k  =  tan  r 

n=  k/ , 


General 


b  =  semi-span 
c  =  chord 

A  =  \Jt  ~  aspect  ratio 


x* ,y*  =  oblique  coordinates  corresponding  to  x,  y 
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INTRODUCTION 

Snow^  ^  has  used  Busemann's  method  of  conical  fields  to. determine 
pressure  distributions  for  a  class  of  wing  planforms.  It  is  the  purpose 
of  this  paper  to  extend  this  class  to  finite  swept  wings  with  supersonic 
leading  edges,  having  neither  taper  nor  rake.  Rather  than  attempt  to 
bring  the  reader  up  to  date,  the  writer  has  treated  the  work  as  an 
addendum  to  Snow's  paper. 

f 

DISCUSSION  OF  THE  PROBLEM 


The  problem  is  first  to  determine  the  pressure  distributions  in 
three  »***gicr.c  on  the  wing  and  then  to  sum  them  over  the  wing  to  obtain 
lift  and  center  of  pressure  (see  Fig.  1).  Region  C  is  inside  of  the 
Mach  cone  originating  at  the  apex  of  the  wing.  Region  A  is  outside  of 
apex  and  tip  Mach  cones.  Region  B  is  inside  of  the  tip  Mach  cone. 
Since  the  pressure  distributions  in  regions  A  and  C  have  already  been 
calculated 


«  v 


'■*  * 
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by  Snow,  hie  results  are  used„  It  remains  to  find  the  pressure  distribu¬ 
tion  in  region  B.  This  is  done  first,  and  the  pressure  distributions  are 
then  integrated  to  obtain  lift  and  center  of  pressure, 

TIP  REGION  (B) 

The  work  here  will  be  developed  analogous  to  that  for  the  rectangular 


wing.  Notation  is  that  of  Snow 
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FIGURE  2 


Boundary  conditions 

AM 

**  =  °  i  -  /* c  r 

m '  J  f  <.  7 r 

-7T  C  f  C  -  /f 

f  =  t  7T 


(Note  that  p  =  corresponds  to  the  rectangular  wing.)  The  general 
solution  to  the  potential  problem  is 


lu, 


c~  n  *  /*. 

/  A*  r  J/n  (*+•£)  f  t 


the  presence  of  the  half-odd  integers  being  necessary  to  satisfy  the 
boundary  conditions.  For  R  =  A, 


mm 

2 


A  h  str>( *7+%)  f  -  value  of  the  boundary 


where  An  is  the  Fourier  coefficient  for  a  sine  series  of  period  4  77*. 

i 

Note  that  the  boundary  conditions  have  been  extended  to  the  region 
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IT  If!  ^ 

such  that  remains  an  odd 

function. 


Then, 


2  rr~p 

s/n  (*  +  '/t)T  d  f 


-L  c°s  (n  +  '/t)  a 

7T  *  + 


and 


-  #  £ 


n  +  A. 


”*'A 


(rr  +  /i)p 


The  value  of  w/  on  the  wing  corresponds  to  f  ~  ft  .  The  expres¬ 
sion  for  uJt  becomes,  after  simplification. 


"i  =  4=  t. 


tf*  A 


7T 


f  £*i±2l'r;, 

4*  "»*■/* 


Sin  np 
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Differentiation  with  respect  to  r  yields 


[, 

m  ^  H  H  \  "1 

^.("0  (.os  up  - 

Noting  that  ^  is  a  geometric  series,  one  obtains 

#  ‘  ~  T  ^  (t77v?  jj 

After  real  and  imaginary  parts  are  separated,  integration  yields 


W. 


±  -LaS4  V  *r(<+cosfi) 


7T 


i  -  r 


or. 


us,  ^ 


-/./  -%*(<  +  cosp) 


The  quantity  under  the  radical  defines  a  new  fi/A  (say,  - — ). 

A 


It  is  seen 


that  for 


On  the  wing, 


R 

A 


*» 
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Thus, 


7 T  6'*t 


s  < 


&  *"*• 
7T 


'f® 


LIFT  CORRECTION  FOR  FINITENESS 

The  notation  of  Puckett  makes  the  integration  of  the  pressure  coeff- 
cients  (to  be  calculated  later)  simpler,, 


Puckett 

Snow 

A 

&  +  f 

y 

i-  «■  * 

e- 

7T- /< 

<7- 

S 

6 

SA 

k 

<T 

P 

CO+/4 

* 7 

COJA 

-  % 

Ci* 

Under  these  transformations 


to  _  f*’#  (P  +  k) 

*  —  fcy 


4  X 

4  V 
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A  second  transformation 

x'=  x  -  ky 
/ 

y  =  y 

further  simplifies  the  integration.  The. expression  for  ©  now  becomes 

^  '  T  ’ 


/ _ I 

’j*T7T*Tf  Lt J  ■+  n 
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LIFT  CORRECTION  FOR  LEADING  EDGE  DISCONTINUITY 


/  »  c  y- 


c*  c/'t 

£T 

(jce  *rr*»J'*  A  I 


Equation  (21)  of  SnowJs  paper  can  be  transformed  to  yield 


£i_  fs  s,n'/IEIF 
Itt  /  /-(* 


Note  agreement  between  this  and  Pucketts  equation  (35) 


CPA  d $ 


V*  C *  _/ _ 

PfFF^  Ik  77" 


*«-  r-* 


JL  [ Ifn  +  fi-n*-  -  (/-in1)  ftn'n  1 — 
VH  /  7T  L^  ' _ _ _ 7  J/~» 

r/-^‘  f 


/*// -  **■  2  A?  /  +  * 


(ife  ifPCnJ/n  "Bj 
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¥*  ‘ 


fPC**0*)  *  Tibp*-  ( i  +  n)* 


I 


j~±  (lath-  "SESL )  •  / 

{  /?*■  *7  J  *'**•  *1 


+  n  rr-  v  «•  + 


J/T 


(see  appendix  C) 


• _ ^  /j.  /  ^  /'  / 

^  [V  /*#'  +  ")  *  64€/9*(/*»/*  I  » 


'•*  c otfffc/rnt  */ 

e  X  f>*~  <  j-ssos,  j-or-  ^''/'f¬ 


lu 


l  *  * v kj  * 


/ 

~*F 


7Tp 


TTT^j"  9*tj 
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The  limiting  value  of  n  ie  determined  from  the  boundary  condition  of 
the  problem.  Consider  the  case  where  the  apex  and  tip  Mach  cones  intersect 
on  the  wing.  There  are  two  possibilities;  either  the  apex  Maoh  cone  cuts 

the  wing  tip  or  it  does  not.  Com¬ 
parison  of  Figs.  3  and  4  show 
that  the  boundary  conditions  are 
not  fulfilled  for  the  former 
(Fig.  4)  since  the  solution  for 
the  apex  Mach  circle  yields  a  non¬ 
zero  value  of  in  the  wing 
plane  between  E  and  F.  Therefore, 
the  condition  on  n  is  that  the 
apex  Mach  cone  must  not  intersect 
the  wing  tip.  Thus 


c  +  k  b 


or 


b/c 


I  +  *  b/c 


*  JL 

P 
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From  which 


This  condition  holds  for  n-^o.  If  n  =  0,  replace  this  by 

a  condition  on  the  tip  Mach  cone. 


RESULTS 

The  ratio  ,  the  lift  coefficient  divided  by  the  lift  coeffi¬ 
cient  of  an  infinite  wing  normal  to  flow  (c‘~  •  9)  end  the  ratio,  Yc 
the  center  of  pressure  divided  by  the  chord,  are  plotted  against  n  for 
various  values  of  A  fi  in  Figures  5  and  6. 
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APPENDIX  A 
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APPENDIX  B 


T  tf/-<  y  rr//o  *7 


SC+  :  s/n#  *  fJEUi 


t  '  n :  *>  a  o 
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fs  o  ;  S/A t  * 
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/ 


/  - 


-  f  S/A T*  COS*t g 

/-*/?*■  \_J/  /7^- 
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**  -*•  «?  //?  -  5/^VA’l 
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tt  foun^  tL~/~ 


0-*J*  ’  '  ^ 
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s/m*-  <±os-*K 
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ABSTRACT: 


Snow’s  class  of  thin  wings  of  polygonal  plan  form,  for  which  the  pressure  distribution 
has  been  determined  by  application  of  Busemann's  conical -field  method,  is  extended 
to  include  finite  swept  wings  with  supersonic  leading  edges  having  neither  taper  nor 
rake.  The  lift  coefficient  of  swept  finite  wing  divided  by  the  lift  coefficient  of  infinite 
wing  normal  to  flow,  and  the  center  of  pressure  divided  by  the  chord  are  plotted 
against  the  tangent  of  the  sweep  angle  divided  by  the  Mach  parameter  for  various  values 
of  the  aspect  ratio  times  the  Mach  parameter. 
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